The dependence of various measurable properties of heavy-ion collisions is calculated with the Boltzmann equation, in an attempt to find the best observables to determine the impact parameter in a collision. The observables considered -are nucleon multiplicity, longitudinal momentum transfer, angular momentum transfer, projectile mass loss, and projectile energy loss. Systems studied in detail include the ' N+" Sm reaction at E/A=35 MeV, the Ar+' Au reaction at E/A =60 MeV, and the ' 0+ ' Au reaction at E/A =90 MeV where some experiments have been performed with reaction filters. The energy and impact parameter dependence of nucleon multiplicity distributions have also been studied for the mass symmetric Ar+ Ar and asymmetric ' 0+ ' Au systems at energies ranging from E/A = 35 to 400 MeV. These calculations suggest that the mean multiplicity of fast nucleons and the linear momentum transferred to the target residue are relatively insensitive to the impact parameter at small impact parameters and incident energies below E/A 60 MeV. These nucleon multiplicity distributions become more sensitive to impact parameters with increasing incident energy and may provide rather accurate impact parameter information for incident energies as large as E/A =90 MeV.
I. INTRODUCTION
To interpret experimental data, it is often important to know the impact parameter of the collision, and the excitation energy and angular momentum transferred to a heavy reaction residue, should one survive the collision. Information about these quantities is obtained most frequently from experimental observables, such as the multiplicities of charged particles, ' y rays, ' or neutrons, ' or the velocity of heavy reaction residues. ' Total charged particle multiplicities have been used extensively at high energies E/A~200 MeV to indicate the centrality of the collision. ' For low incident energies, E/A~20 MeV, the multiplicities of neutrons ' 
II. DETAILS OF THE CALCULATIONS
The calculations were performed by numerically solving the Boltzmann equation, given below, which describes the time evolution of the Wigner function f(r,k, t) in phase space:
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U(p)= -356p/po+303(p/po) (MeV) .
(2)
The nuclear mean-field defined by Eq. (2) reproduces nuclear matter saturation properties and gives a compressibility coeScient of K =200 MeV. For most of the calHere, o ""(Q) and viz are the differential cross section and relative velocity for the colliding nucleons, and U is the mean-field potential approximated by U, =32~, (MeV) The velocity, angular momentum, and mass of the largest (target-like) residue are shown in Fig. 13 The impact-parameter dependence of the nucleon multiplicity is shown in Fig. 20 . Like the other low-energy systems, the total multiplicity is rather insensitive to impact parameters for impact parameters less than 5 fm, where it saturates at values comparable to the mass nurnber of the projectile. The multiplicity at forward angles (O~, b~30') is essentially (lat for impact parameters less than about 8 or 9 fm.
We turn now to the reaction at E/A =90 MeV. The scattering angles where the discrepancies between the effective nucleon cross sections and the calculated nucleon spectra could be larger.
The dependence of nucleon multiplicities on impact parameters, is shown in Fig. 24 for different angular ranges. It is noteworthy that the multiplicity at forward (0 -30') and backward (30' -180') angular ranges depend differently upon impact parameters. In particular, multiplicities greater than 6 in the forward angular range (0' -30 ) The total multiplicity and the multiplicity of nucleons emitted at 0""~30 are shown in Fig. 28 
